Present paper focuses on the spatio-temporal variations and correlations among the environmental variables of the Seti Gandaki River basin, Pokhara, Nepal. A total of five sites, three along the river and two in tributaries were selected for this study. Water sampling was done fortnightly for environmental variables following standard methods during July 2011 to June 2012. Mean and standard deviation of the environmental variables revealed that the depth (0.9 ± 0.3), pH (8 ± 0.4), total phosphates (PO 4 ) (0.10 ± 0.03) and nitrates (NO 3 ) (0.13 ± 0.04) were normally variable among the sites. But the discharge (40.00 ± 37.00), width (32.30 ± 13.00), turbidity (81.40 ± 51.00), transparency (29.10 ± 15.00), conductivity (166.00 ± 80.00), water temperature (18.00 ±4.00), dissolved oxygen (DO) (8.00 ± 2.00), free carbon dioxide (CO 2 ) (7.00 ± 2.00) and total alkalinity (98.00 ± 22.00) varied among sites equally. Correlation coefficient between the sites and environmental variables revealed that sites were found significantly correlated with water conductivity (r 2 = 0.6), DO (r 2 = -0.52), and free CO 2 (r 2 = 0.6); depth of water with width (r 2 = 0.94), discharge (r 2 = 0.96), turbidity (r 2 = 0.71), transparency (r 2 = -0.62), water temperature (r 2 = 0.60), pH (r 2 = -0.52) and DO (r 2 = -0.48); water temperature with pH (r 2 = -0.54), DO (r 2 = -0.79), free CO 2 (r 2 = 0.69), total alkalinity (r 2 = -0.58), total PO 4 (r 2 = 0.54) and NO 3 (r 2 = 0.62), etc. The enhancement of turbidity, conductivity, free CO 2 , phosphates and nitrates, while, suppression of transparency, pH and DO at the urban site indicated the urban influence.
INTRODUCTION
Freshwater biologists have common opinion on the alteration of aquatic ecosystems, rapid deterioration of water quality, destruction of habitat, and decline in the species diversity, and suggested regular ecological monitoring of waterbodies (Wetzel, 2001; Quist et al., 2004) . The spatio-temporal variations of abiotic characteristics such as, DO and pH are often higher at upstream but lower at urban and downstream reaches; in contrast to free CO 2 , conductivity, compounds of phosphorus and nitrogen, which were lower at upstream reaches but higher at urban and downstream reaches due to environmental pollution (Osmundson et al., 2002; Bu et al., 2010) . The literature on ecological studies of lotic water-bodies of Nepal is considerable, while that of the Pokhara Valley in particular is much scanty. Shrestha et al. (1979) , Swar and Shrestha (1997) , Nepal Agriculture Research Council (NARC) (1998-99), Edds et al. (2002) and Kannel et al. (2008) performed studies on various aspects of ecology of water-bodies in Nepal. Works on some aspects of ecology of water-bodies in the Pokhara Valley are those of Hickel (1973) , Ferrow (1981-82) , John and Dhewajoo (1989) , Agriculture Research Center (ARC) Pokhara (2001-02), Gautam et al. (2006) and Pokharel et al. (2010) . However, thorough study on those aspects of present water-bodies probably has not yet been performed. Considering their role in aquatic ecosystem, present study aims to focus on the spatio-temporal changes and correlations among the environmental variables of the Seti Gandaki River basin in the Pokhara Valley, Nepal.
MATERIALS AND METHODS Study area
Pokhara Valley is lying in the southern flank of Annapurna Himalayan range in Western Nepal, bounded by Mahabharat hills and high Himalayan ranges to the northern side and mid-hills in the eastern, southern and western sides. It is located between 27 0 50' and 28 0 10' N latitude and 83 0 50' and 84 0 50' E longitude, altitudes from 540 m to 1020 m above sea level (m asl), covering an area of about 200 km 2 (Tripathi, 1984-85) . Lotic waterbodies running through the valley are the Seti Gandaki River and its tributaries. The river has its origin near the base of the Mount Machhapuchhre (6,997 m) and the Mount Annapurna IV (7,525 m) and is fed by the glaciers. The total length and the catchment area of the river are nearly 112.6 km and 600 km 2 respectively (Sharma, 1977) . The Mardi and the Vijaypur are the major tributaries. These water-bodies constitute Himalayan riverine ecosystems having unique features such as, high velocity, low to moderate temperature, unstable river-bed substrata etc. Five study sites (A to E) were selected representing upstream, urban and downstream sites from the Seti Gandaki River, the Mardi stream and the Vijaypur stream based on accessibility and less human disturbances (Fig. 1) . Site A (Lahachok area in main channel) and Site B (Mardi stream/upstream tributary) each were upstream sites, 11.12 km from the urban site, had patchy forests, rural settlements and cultivated land in their catchment. Site C (Ramghat area in main channel) was the urban site, about 2 km east of the Pokhara city center with urban area and cultivated land in the catchment. Site D (Vijaypur stream/downstream tributary) was 8.46 km downstream from the urban site, had some urban influence, cultivated land, poultry farms and human settlement area in the catchment. Site E (Kotre area) was the downstream site along the main channel, 15.39 km from urban site, had cultivated land, patchy forests and human settlements in the catchment. The river-bed showed less sand and gravel, but more cobbles and boulders in the upstream sites than in the urban and downstream sites. 
Sampling
Sampling was done fortnightly, three replicates were taken for each environmental variable, and the data were pooled and tabulated as monthly observations. It was performed during July 2011 to June 2012. Water samples were collected and analyzed following the standard methods of Golterman et al. (1978) , Trivedy and Goel (1984) , Das (1989) and American Public Health Association (APHA1998). The environmental variables such as, depth, width, velocity, turbidity transparency, conductivity, temperature, pH, DO, F-CO 2 and alkalinity were recorded and determined at the site, while samples for the variables such as, PO 4 , and NO 3 were carried to the laboratory and analyzed as soon possible. Detail on methodology is as follows: depth of water was measured with strong graduated pole dipping straight into the water and touching the bottom at five points from one bank to the other and mean depth was calculated. Width of river was measured by using a graduated tape and extended it from one bank to the other, at five points and mean width was calculated. The velocity of water was measured by 'surface float method'. The discharge or rate of flow of water was calculated by the Leopold et al.'s method (Leopold et al., 1964) . Turbidity of water was determined by Hanna Microprocessor Turbidity meter (HI 93703, Portugal) and the readings were expressed in FTU (Formazine Turbidity Unit). Conductivity and Hydrogen ion concentration (pH) were determined by Hanna Water Test (Hanna Instruments-"4 in one" Portable meter, Portugal) at the site and expressed in the µmhos and with a range of 1.0-14.0 and an accuracy of 0.1 respectively. Temperature was recorded using a standard mercury thermometer graduated as 0-50° C, having a precision of 0.1° C. Dissolved oxygen was determined by the Winkler's Iodometric Method and expressed as mg/l. Free carbon dioxide and total alkalinity were determined by titrimetric method and expressed as mg/l. Total phosphate and nitrate were determined following persulphate digestion method and phenol-disulphonic acid method respectively by Spectrophotometer (S106, WPA Linton, Cambridge, UK), and were expressed as mg/l.
Data analysis
Pearson correlation coefficient matrixes (Anderson, 2006) among the environmental variables were computed. All data entries were done in MS-Excel and analyses were done by R Version 4.3.1 (R Core Team, 2017) .
RESULTS

Spatio-temporal variations
The environmental variables generally govern the quality of natural environment of the waterbodies. Mean and standard deviation of the environmental variables included in the study were shown in the Table 1 . The depth of the water-bodies found normally variable among studied sites (0.9 ± 0.3). This was also true for water pH (8 ± 0.4), T-PO 4 and NO 3 . But the discharge (40 ± 37), width (32 ± 13), turbidity (81.40 ±51.00), transparency (29.10 ± 15.00), conductivity (166.00 ± 80.00), water temperature (18.00 ± 04.00), dissolved oxygen (08.00 ± 02.00), free carbon dioxide (07.00 ± 02.00) and total alkalinity (98.00 ± 22.00) varied among sites equally. ) during winter in February at Site B. Transparency of water was highest (61.50 cm) during winter season in January at Site A and decreased to its lowest (6.50 cm) during summer in July at Site C. In contrary, the turbidity of water was highest (190.25 FTU) during summer season in July at Site C, with its lowest (7.00 FTU) during winter in January at Site B. The conductivity of water was highest (297.25 μmho) during winter in January at Site E and declined to its lowest (38.00 μmho) during summer in August at Site A. The water temperature was also highest (23.00 0 C) during summer in July at Site E, with its lowest (8.40 0 C) during winter in January at Site B.
Hydrogen ion concentration (pH) was highest (8.70) during spring season in March at Site A and decreased to its lowest (6.80) during summer in August at Site C. However, it was higher during autumn and winter seasons. Likewise, dissolved oxygen was highest (12.40 mg L -1 ) during winter in January at Site A and lowest value (3.44 mgl -1 ) during summer in July at Site D. However, it was higher during spring and autumn seasons. Free carbon dioxide dissolved in water was highest (10.50 mgl -1 ) during summer in July at Site D, and its lowest (3.30 mgl -1 ) recorded during winter in January at Site A. However, it was higher during autumn and spring seasons. Total alkalinity was highest (145.00 mgl -1 ) during winter season in January at Site C and declined to its minimum (50.00 mgl -1 ) during summer in August at Site B. However, it was higher during spring and autumn seasons. Total phosphate was highest (0.147 mgl -1 ) during spring season in May at Site C, which declined to its minimum (0.036 mgl -1 ) during winter in January at Site B. However, it was higher during summer and autumn seasons. Nitrate was highest (0.228mgl -1 ) during spring season in May at Site C, and declined to its minimum (0.052 mgl -1 ) during winter in January at Site B. However, it was also higher during summer and autumn seasons. 
Correlation
Correlation coefficient between measured water chemistry and studied sites showed varied results were shown in the Table 2 . Site was found significantly correlated with water conductivity (r 2 = 0.6), DO (r 2 = -0.52), free CO 2 (r 2 = 0.6); water depth was highly correlated with width r 2 = 0. It shows that the values of the variables such as, depth, width, velocity, discharge, turbidity, free carbon dioxide, and water temperature were found to be positively correlated with each other, while negatively with transparency, conductivity, pH, dissolved oxygen, total alkalinity. Likewise, the values of, phosphates, and nitrates were positively correlated with each other, while negatively with transparency and dissolved oxygen during the study period. It can be justified by the fact that the earlier variables were enhanced by seasonal floods during summer and pollution at urban site, while, in contrast the later variables were suppressed due to decrease in transparency there by reducing photosynthetic process and release of oxygen. 
DISCUSSION
Spatio-temporal variations
Higher turbidity and lower transparency values were observed at urban sites and during summer season than at other sites and seasons in the present study, which could be attributed to the prevailing monsoonal climatic conditions and urban influence. Similar results have been reported in middle-hill streams, western Nepal (Collins & Jenkins, 1996) and in River Ramganga, Uttaranchal, India (Pathani & Upadhyaya, 2006) . Lower values of conductivity at the upstream sites and during summer season in the present study could be due to the low flow and dilution of ionic constituents by the rain water, and higher values at urban sites and during winter season due to direct disposal of agricultural and urban wastes into the water; and high concentration of the ionic constituents respectively. Similar variations were reported from the Narayani River, Central Nepal (Sah et al., 2000) and the Manahara River, Nepal (Bajracharya & Tamrakar, 2007) . Higher temperature and free carbon dioxide values during summer season and lower during winter respectively were observed in the present study, which could be related to seasonal climatic conditions, decomposition of organic substances and release of free carbon dioxide, and increased photosynthesis during winter and decline during summer season respectively. Similar variations were mentioned from the Beas Drainage system, western Himalayas, India (Dhanze et al., 1998) and the River Ramganga, India (Pathani & Upadhyaya, 2006) . There was a decline in values of pH and dissolved oxygen at urban sites and during summer season than at other sites and seasons respectively in the present work, which could be attributed to the influence of increased organic and inorganic load and high turbidity due to urban and agricultural wastes at urban sites; and to the increased transparency and photosynthetic activity during winter and spring seasons; and increased turbidity and decreased photosynthetic activity during summer season. Similar variations were recorded in the Narayani River Nepal (Edds et al., 2002) and the Maroon River, Iran (Tabari et al., 2011) . Higher total alkalinity, values were recorded at urban sites receiving wastes from various sources and during winter season, and lower at other sites and during summer season respectively in the present study, which could be related to the direct disposal of wastes and to increasing concentration of salts, low free carbon dioxide as well as higher pH values during winter; and to heavy rainfall resulting in dilution of ionic contents, during summer season. Similar variations were reported in Mid-hill streams, Nepal (Collins & Jenkins, 1996) and in the Maroon River Iran (Tabari et al., 2011) . Higher values of phosphates and, nitrates at the urban sites and during summer season in the present study could be attributed to the disposal of urban wastes at the urban site; and to the floodwater containing allochthonous substances from the catchment during summer season. Their lower values during winter could be due to high content of bound organic phosphates and to the only autochthonous production of nitrogen compounds respectively. Similar spatio-temporal trend in those variables were mentioned in the Ramganga River, India (Pathani & Upadhyaya, 2006) and in the Bagmati River, Nepal (Kannel et al., 2008) .
Correlation
The water temperature exhibited direct relationship with depth, width and discharge, while an inverse relationship with transparency, dissolved oxygen, pH and total alkalinity in the present study, which could be attributed to the light penetration, reaching deeper when the water is more transparent, enhancing the process of photosynthesis releasing more oxygen. Similar relationship was observed by Pathani and Upadhyaya (2006) in the River Ramganga, India and Pejman et al. (2009) in the Haraz River basin, Iran. Free Carbon dioxide had negative correlation with dissolved, pH, transparency and total alkalinity, while positive correlation with temperature, turbidity and discharge in the present study, which can be related to the decomposition of accumulated organic substances and the respiratory processes of aquatic biota accelerated by the higher temperatures accompanied with higher turbidity and lower transparency and higher discharge, enhancing the production of free carbon dioxide and consumption of available dissolved oxygen, limited by the retardation of photosynthetic process inside water. Similar, correlations were mentioned by Martin and Haniffa (2003) in the South Indian River Tamiraparani and Pathani and Upadhyaya (2006) in the River Ramganga, India. Hydrogen ion concentration (pH) showed direct relationship with dissolved oxygen, transparency, and alkalinity, while inverse relationship with discharge, turbidity, temperature, and free carbon dioxide in the present study, which could be due to the fact that higher temperature favored increase in free carbon dioxide accompanied with higher discharge and turbidity, while increased transparency favored photosynthetic processes thereby evolving more dissolved oxygen and thus increasing alkalinity and hardness of water. Similar findings were reported by Pathani and Updhayaya (2006) in the Ramganga River, India, and Tabari et al. (2011) in the Maroon River, Iran. A direct relationship of total alkalinity with pH, conductivity and transparency, dissolved while inverse relationship with temperature and turbidity were observed in the present study, which can be related to transparent alkaline waters with abundant ionic constituents favoring higher pH and conductivity; while turbid waters with high discharge and velocity during higher temperature conditions diluted the ionic constituents due to higher precipitation and run-off. Similar relationships were mentioned by Munshi and Singh (1991) , and Khanna (1993) in the Ganga River, India. Total phosphate showed direct relationship with , turbidity, temperature, free carbon dioxide and nitrates in the present study, which could be related to the availability of phosphorus in limited quantities in natural waters with higher transparency and higher concentrations of dissolved oxygen; while during higher temperature conditions in urban areas increased turbidity due to higher precipitation and surface run-off along with allochthonous substances, and higher quantities of nitrogen compounds and silicates. Similar relationships were mentioned by Tyagi et al. (2003) and Kannel et al. (2008) in the River Kshipra, India and in the Urban Corridor (the Bagmati River), Nepal, respectively. A direct relationship of nitrates with turbidity, and temperature, while inverse relationship with transparency and dissolved oxygen, were observed in the present study, which could be related to high turbidity due to high precipitations and surface run-off from the catchment during rainy season or due to direct disposal of agricultural and urban wastes containing high quantities of nitrogen and phosphorus compounds. Similar relationships were reported by Pathani and Upadhyaya (2006) and Kannel et al. (2008) in the Ramganga River, India and in the Urban River Corridor (the Bagmati), Nepal, respectively. The values of the variables such as, turbidity, conductivity, total alkalinity, phosphates and nitrates were slightly reduced at the downstream site, when compared with the urban site in the present study. This reduction in concentration of urban influenced variables can be related to the self purification of the river water during its course and also to the entry of the less impacted water of the minor tributary the Kotre creek (a perennial creek) into the river, above the post-urban (downstream) sampling site in the main channel.
CONCLUSION
The entrance of urban wastes into the river enhanced the concentrations of the variables, such as, turbidity, conductivity, free carbon dioxide, alkalinity, phosphates and nitrates; whereas, suppressed the concentrations of the variables, transparency, pH and dissolved oxygen. Temporal pattern exhibited rise and fall of the variables transparency, pH, dissolved oxygen and alkalinity during winter and summer seasons respectively; where as vice versa shown by the variables, turbidity, free carbon dioxide phosphates and nitrates. The above pattern clearly showed that the former variables were directly correlated with each other, while inversely correlated with the latter ones. The spatio-temporal trend of environmental variables and their correlations observed in the present study agree with the result of previous studies on Nepalese rivers.
